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© Substituted pyrroles. 



© The invention provides compounds of the formula 



H 




^ wherein R 1 represents lower alkyl, lower cycioalkyl, aryl or lower aralkyl, R 2 represents hydrogen, aryl or 
*** lower alkyl optionally substituted by hydroxy, acyloxy, amino, mono(lower alkyl)amino, diflower alkyl)amino, 
carboxy, lower alkoxycarbonyl or aminocarbonyl and m and n stand for 1 or 2, 

as well as pharmaceutical^ acceptable salts of acidic compounds of formula I with bases and of basic 
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compounds of formula I with acids, which are useful in the control or prevention of illnesses, especially in the 
control or prevention of inflammatory, immunological, oncological, bronchopulmonary, dermatologicaJ and cardio- 
vascular disorders, in the treatment of asthma. AIDS or diabetic complications or for the stimulation of hair 
growth. 
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The present invention relates to substituted pyrroles. More particularly, the invention is concerned with 
compounds of the general formula I 



10 



16 




20 

wherein R 1 represents lower alkyl, lower cycloalkyl, aryl or lower aralkyl, R 2 represents hydrogen, aryl 
or lower alkyl optionally substituted by hydroxy, acyloxy, amino, mono(lower alkyl)amino, di(Iower aJkyl)- 
amino, carboxy, lower alkoxycarbonyl or aminocarbonyl and m and n stand for 1 or 2, 
as well as pharmaceutical^ acceptable salts of acidic compounds of formula I with bases and of basic 

25 compounds of formula I with acids. 

Objects of the present invention are the compounds of formula I and their aforementioned salts per se 
and as therapeutically active substances; a process for the manufacture of said compounds and salts and 
novel intermediates useful in said process; medicaments containing said compounds and salts and the 
manufacture of these medicaments; and the use of said compounds and salts in the control or prevention of 

30 illnesses, especially in the control or prevention of inflammatory, immunological, oncological, bronchopul- 
monary, dermato logical and cardiovascular disorders, in the treatment of asthma, AIDS or diabetic 
complications or for the stimulation of hair growth, or for the manufacture of a medicament against 
inflammatory, immunological, oncological, bronchopulmonary, dermatological and cardiovascular disorders 
or against asthma, AIDS or diabetic complications or for the stimulation of hair growth. 

35 As used herein, the term "lower alkyl", alone or in combination, means a straight-chain or branched* 
chain alkyl group containing 1-6 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, sec. butyl, 
tert.butyl. pentyl and the like. The term "lower alkoxy", alone or in combination, means an alkyl group as 
defined earlier which is attached via an oxygen atom, examples of alkoxy groups being methoxy, ethoxy, 
propoxy, isopropoxy, butoxy, tertbutoxy and the like. The term "lower cycloalkyl" means a cycloalkyl group 

40 containing 3-6 carbon atoms, i.e. cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. The term "aryl" 
means unsubstituted phenyl or phenyl carrying one or more substituents selected from e.g. halogen, lower 
alkyl and lower alkoxy, such as p-chlorophenyl, p-tolyl and p-methoxyphenyl. The term "lower aralkyl" 
means a lower alkyl group as hereinbefore defined in which one hydrogen atom has been replaced by an 
aryl group as hereinbefore defined, such as benzyl, 2-phenylethyl, p-chlorobenzyl, p-methylbenzyl and p- 

45 methoxybenzyl. The term "acyloxy" means an acyloxy group derived from an alkanoic acid containing up 
to 6 carbon atoms, e.g. acetoxy, propionyloxy or butyryloxy, or from an aromatic carboxylic acid which can 
be optionally substituted by e.g. halogen, lower alkyl and/or lower alkoxy, e.g. benzoyloxy, p-chloroben- 
zoyloxy, p-toluoyloxy and p-methoxy benzoyloxy. The term "halogen" means fluorine, chlorine, bromine or 
iodine. 

bo The compounds of formula I contain two chiral carbon atoms and can therefore be present in racemic 
or optically active forms. The present invention includes within its scope not only the racemic compounds, 
but also the optically active isomers. 

In the compounds of formula I, R 1 preferably represents lower alkyl, especially lower alkyl containing 1- 
3 carbon atoms. R 2 preferably represents lower alkyl, especially methyl. Preferably, m stands for 1 and n 
55 stands for 2. 

Especially preferred compounds of formula I hereinbefore are: 

3-{8(S)-[1 <R or S)-Aminopropyl]-6 ( 7 f 8 i 9-tetrahydropyiidol1 ,2-a]indol-1 O-yl J-4~(1 -methyl-3-indolyl)-1 H-pyr- 
role-2,5-dione and 
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3-[8(SH1(S)-amino-2-methylprQpylH.7,^ 
1 H-pyrrole-2.5-dione. 

Other preferred compounds of formula I are: 

3-[8(R or S)-1(R or S)-AminoethylHJ.8 i 9-tetrahydro^ 
pyrrole-2,5-dione, 

3-[8(R or S)-1(R or S)«aminopropylHp7.8.9-tetrahydropyrido{1.2-a]m^ 
pyrrole-2,5-dione, 

3-{8(R or S)-1(R or S>-aminobutylH.73.9-tetrahydropyri 
pyrrole-2.5-dione and 

3-[8(R or 2)-1(R or S)-amino-2-methy IpropylJ-e.r.S.S-tetrahydropyridotl ,2-a]indoM 0-ylM-(1 -methyl-3- 
indolyl)-1 H-pyrrole-2,5-dione. 

The following are also preferred compounds falling under formula I: 

3-[8(S)-1 (R>-Amino-2-methylpropylJ-6.7.8.9-tetrahydropyrido[1 ,2-a]indol-1 0-yl]-4-(1 -methyl-3-indoly l)-1 H- 
pyrrole-2,5-dione, 

3-[8(R or SMalpha (R or S)-aminobenzyl}^,7,8.9-tetrahydropyrido^^ 
dolyl)-1 H-pyrrole-2,5-dione, 

3-[8(S)-[(R or S)-(amino)(cyclopentyl)methy l-6,7,8.9-tetrahydropyrido[1 ,2-a]indol-1 0-ylJ-4-(1 -methyl-3-in- 
dolyl)-1 H-pyrrole-2,5-dione t 

3-[2(R or S)-[1(R or S)-amino-2-methyipropylh2,3-dihydrcM H-pyrrolo[1 
dolyl)-1 H-pyrrole-2,5-dione, 

3-[8(RS)-[1 (RS)-amino-2-methylpropylh7,8 f 9 ,1 0-tetrahydro-6H-azepino[1 ,2-a]indol-11-yl]-4-(1-methyl-3- 
indoly f)-1 H-pyrrole-2.5-dione, 

3-[7(RSH1(RS)-amino-2-methylpropyl]^,7A^ 
1 H-py rrole-2, 5-dione and 

3-[8(S)-{1 (S)-amino-2-methylpropyll-6.7 > 8 i 9-tetrahydropyrido[1 ,2-a]indoM 0-yi]-4-0 -phenyl-3-indoly l)-1 H- 
pyrrole-2,5-dione. 

According to the process provided by the present invention, the compounds of formula I as well as 
pharmaceutical^ acceptable salts of acidic compounds of formula I with bases and of basic compounds of 
formula I with acids are manufactured by cleaving off the protecting group denoted by R 3 from a compound 
of the general formula 



H 




II 



HM-R* 



wherein R\ R 2 , m and n have the significance given earlier and R 3 represents a urethane protecting 
group, 

and, if desired, functionally modifying a reactive substituent present in R 2 in a compound of formula I 
obtained and, also if desired, converting an acidic compound of formula I into a pharmaceutical^ 
acceptable salt with a base or converting a basic compound of formula I into a pharmaceutical^ acceptable 
salt with an acid. 

The urethane protecting group denoted by R 3 in formula II is preferably lower alkoxycarbonyl, 
especially tertbutoxycarbonyl, or lower aralkoxycarbonyl, especially benzyloxycarbonyl. 
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The cleavage of the protecting group denoted by R 3 from a compound of formula II can be carried out 
in a manner known per se. For example, when R 3 represents lower alkoxycarbonyl the cleavage can be 
carried out using a mineral acid such as hydrochloric acid In an inert organic solvent such as a cyclic ether, 
e.g. tetrahydrofuran or dioxan, an alkanol, e.g. methanol or ethanol, esters such as ethyl acetate or a 

5 halogenated, especially chlorinated, hydrocarbon, e.g. dichtoromethane, or using trifiuoroacetic acid. When 
R 3 represents an aralkoxycarbonyl group the cleavage is carried out by hydrogenolysis in a manner known 
per se; for example using hydrogen in the presence of a catalyst such as palladium/charcoal. 

The functional modification of a reactive substituent present in R 2 in a compound of formula I obtained 
can comprise the esterification of a carboxy group to a lower alkoxycarbonyl group, the hydrolysis of an 

10 acytoxy group to a hydroxy group or the conversion of a lower alkoxycarbonyl group into a carboxy group. 
All of these modifications can be carried out according to methods which are known per se. 

The conversion of an acidic compound of formula I into a pharmaceutical^ acceptable salt can be 
carried out by treatment with a suitable base in a manner known per se. Suitable salts are those derived not 
only from inorganic bases, for example, sodium salts, potassium salts, calcium salts and the like, but also 

75 from organic bases, for example ethylenediamine, monoethanolamine. diethanolamine and like salts. The 
conversion of a basic compound of formula I into a pharmaceutical^ acceptable salt can be carried out by 
treatment with a suitable acid in a manner known per se. Suitable salts are those derived not only from 
inorganic acids, for example, hydrochlorides, hydrobromides, phosphates, sulphates and the like, but also 
from organic acids, for example acetates, citrates, fumarates, tartrates, maleates, methanesulphonates, p- 

20 toluenesulphonates and the like. 

The starting materials of formula II hereinbefore are novel and also form an object of the present invention. 
They can be prepared, for example, by: 

(a) reacting a compound of the general formula 



30 



35 




wherein R\ R 3 , m and n have the significance given earlier, 
with oxafyl chloride, condensing the resulting activated glyoxylate of the general formula 

40 



45 



50 




HN— R 3 

55 

wherein R\ R 3 , m and n have the significance given earlier, 
with an imidate of the general formula 
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wherein R 2 has the significance given earlier and R* represents lower alkyl, 
in the presence of a strong base and hydrolyzing and dehydrating the resulting hydroxy-pyrrolinone of 
the general formula 



0=^ % OR 4 




wherein R\ R 2 , R 3 ,R*,m and n have the significance given earlier, 

or 

(b) reacting an activated glyoxylate of formula IV hereinbefore with an indolylacetic acid of the general 
formula 




vn 



wherein R 2 has the significance given earlier, 
in the presence of a strong base and converting the resulting substituted furandione of the general 
formula 
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6 



10 




vra 



?5 

wherein R\ R 2 , R 3 . m and n have the significance given earlier, 
into the corresponding imide starting material of formula II. 

The reaction of a compound of formula III with oxalyl chloride is conveniently carried out in the 
presence of an inert organic solvent, suitably a halogenated aliphatic hydrocarbon such as dichloromethane. 

20 It is also convenient to carry out this reaction at about 0 " C. 

The condensation of an activated glyoxylate of formula IV with an imidate of formula V, which is a 
known compound or an analogue of a known compound, is conveniently carried out in an inert organic 
solvent. Suitable bases are, for example, tertiary amines such as triethylamine, diisopropylethylamine, 4- 
dimethylaminopyridine, N-ethylmorpholine and 1 ,4-dtazabicyclo[2.2.2]octane as well as pyridine. Suitable 

25 solvents are, for example, halogenated aliphatic hydrocarbons such as dichloromethane and chloroform, 
optionally halogenated aromatic hydrocarbons such as benzene, toluene and chlorobenzene, open-chain 
and cyclic ethers such as dimethoxyethane, tertbutyl methyl ether and tetrahydrofuran, formamides such 
as dimethylformamide, esters such as ethyl acetate and nitriles such as acetonitrile. The condensation is 
preferably carried out at about 0-C to 40 *C, especially at room temperature. Further, it is preferred to 

30 carry out this condensation in situ. 

The hydrolysis and dehydration of a hydroxy-pyrrolinone of formula VI to give a compound of formula II 
is expediently carried out by treatment with a mineral acid such as hydrochloric acid or sulphuric acid or an 
organic acid such as methanesulphonic acid or p-toluenesulphonic acid or by treatment with an acylating 
reagent such as trifluoroacetic anhydride and a suitable base such as pyridine, conveniently at about room 

35 temperature. The hydroxypyrrolinone of formula VI is preferably hydrolyzed and dehydrated in situ. 

The reaction of an activated glyoxylate of formula IV with an indolylacetic acid of formula VII, which is a 
known compound or an analogue of a known compound, is conveniently carried out in a manner analogous 
to that described earlier in connection with the condensation of an activated glyoxylate of formula IV with an 
imidate of formula V. 

40 The conversion of a substituted furandione of formula VIII into a desired imide starting material of 
formula II can be carried out conveniently by treatment with hexamethyldisilazane in the presence of an 
alkanol such as methanol in an inert organic solvent. Suitable solvents are, for example, halogenated 
aliphatic hydrocarbons such as dichloromethane and chloroform, optionally halogenated aromatic hydrocar- 
bons such as benzene, toluene and chlorobenzene, open-chain and cyclic ethers such as dimethoxyethane, 

45 tertbutyl methyl ether and tetrahydrofuran, or formamides such as dimethylformamide. The reaction is 
preferably carried out at about room temperature to 100*C, especially at about 50 *C. 

The compounds of formula III hereinbefore can be prepared, for example, as illustrated in Reaction 
Scheme I hereinafter in which R\ m and n have the significance given earlier. 

60 



55 
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Reaction Scheme I 




(in) 



Having regard to Reaction Scheme I. all of the Individual steps thereof can be carried out according to 
conventional methods. In the first step, an ethyl ester of formula IK which is a known compound or an 
analogue of a known compound, is saponified to the corresponding acid of formula X using e.g. sodium 

so hydroxide solution. The resulting acid is then amidated, e.g. by reaction with ethyl chloroformate in the 
presence of triethylamine followed by treatment with ammonia, and the resulting amide of formula XI is 
converted into the nttrile of formula XII using e.g. trifluoroacetic anhydride. Then, the nitrile of formula XII is 
reacted with a Grignard reagent of the formula R'-Mg-X. wherein R 1 has the significance given earlier and X 
represents halogen, preferably chlorine, and the resulting imine of formula XIII is reduced using a complex 

55 metal hydride, e.g. lithium aluminium hydride, to a primary amine of formula XIV. This reduction is 
preferably carried out in situ. The primary amine of formula XIV is converted into a compound of formula III 
by, for example, reaction with a chloroformate of the formula R 3 CI or an anhydride of the formula R 3 OR 3 
wherein R 3 has the significance given earlier, in the presence of a base such as triethylamine. 
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Homochira) compounds of formula III, denoted hereinafter as IIIA, can be prepared, for example, as 
illustrated in the following Reaction Scheme II in which R\ m and n have the significance given earlier and 
R 5 represents lower alkyl. 
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The individual steps of the synthesis illustrated in Reaction Scheme II can all be carried out according 
to methods known per se. In the first step, a menthyl ester of formula XV, which is a known compound or 
an analogue of a known compound, is converted with a strong acid, e.g. concentrated sulphuric acid, into 
the corresponding carboxylic acid of formula XVI. This acid is then condensed with N.O-dimethylhydrox- 

s ylamine and the N-methoxy-N-methyl carboxamide of formula XVII obtained is reacted with a Grignard 
reagent of the formula R'-Mg-X, wherein R 1 has the significance given earlier and X represents halogen, 
preferably chlorine, to give a ketone of formula XVIII. Reaction of this ketone with a hydroxylamine of the 
formula H2N-ORP, wherein R s has the significance given earlier, gives an oxime of formula XIX which is 
reduced with a complex metal hydride such as lithium aluminium hydride to a primary amine of formula XX. 

10 The latter is subsequently converted into a homochiral starting material of formula I1IA by acylation in an 
analogous manner to that described in Reaction Scheme I for the conversion of a compound of formula XIV 
into a compound of formula UK 

Reaction Scheme III hereinafter illustrates an alternative route to homochiral starting materials of 
formula IIIA. In this Reaction Scheme R\ m and n have the significance given earlier and Ms represents 

15 methanesulphonyl. 

Reaction Scheme 10 

IP- 



SO 



26 



30 



35 



40 



46 



60 




(mA) 

65 

Having regard to Reaction Scheme III, all of the individual steps therein can be carried out in a 
conventional manner. Firstly, an alcohol of formula XXI is sulphonated, e.g. with methanesulphonic 
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anhydride, and the methanesutphonate of formula XXII obtained is converted with sodium cyanide into the 
nitrile of formula XXIII. The latter is hydrolyzed, e.g. using sodium hydroxide solution, to the corresponding 
carboxylic acid of formula XXIV, which is methylated, e.g. using methanol in the presence of concentrated 
sulphuric acid, to the methyl ester of formula XXV. Reaction of the latter with a haJide of the formula R'-X, 

5 wherein R 1 and X have the significance given earlier, in the presence of a strong base such as lithium 
diisopropylamide followed by treatment with sodium hydroxide solution yields the carboxylic acid of formula 
XXVI. The latter is reacted with diphenytphosphoryl azide to give the isocyanate of formula XXVII which is 
converted into a primary amine of formula XX by treatment with hydrochloric acid. The conversion of a 
primary amine of formula XX into a homochiral compound of formula IIIA is carried out by acylation in an 

ro analogous manner to that described in connection with Reaction Scheme I. 

The compounds of formula I and their pharmaceutically acceptable salts are protein kinase inhibitors; 
they inhibit cellular processes, for example cell proliferation and secretion, and can be used in the control or 
prevention of illnesses, for example in the control or prevention of inflammatory disorders such as arthritis, 
immune diseases, psoriasis, contact dermatitis, in conjunction with organ transplants and also in oncology. 

15 They inhibit infection of cells with human immunodeficiency virus or Epstein-Barr virus and are thus useful 
in the treatment of AIDS and infectious mononucleosis. The compounds and salts of the present invention 
also inhibit smooth muscle contraction and can therefore be used against cardiovascular and bronchopul- 
monary disorders. Further, they are also useful in asthma therapy. The present compounds and salts also 
inhibit platelet aggregation and can be used in the control or prevention of thrombosis. Further, they inhibit 

20 the release of mediators from activated neutrophils and can therefore be used to control ischaemic damage, 
e.g. in the heart or brain. Again, they inhibit neurotoxicity induced by elevated glucose levels and are thus 
useful for the treatment of diabetic complications. Finally, the present compounds and salts stimulate hair 
growth and can therefore be used to prevent or repress baldness. 

The activity of the present compounds in inhibiting protein kinase C can be demonstrated by means of 

25 the in vitro test procedure described hereinafter. 

The assay system described by Takai et al., BBRC 19, 1218, (1979) is used. Reaction mixtures (100 ul) 
contain 10 uM [y-^PJATP, 0.2 mg/ml (about 15 uM) lysine-rich histone, 0.5 mM CaCb and 40 ug/ml 
phosphatidylserine in 25 mM Tris HCJ, 5 mM MgNOs (pM 7.5) buffer. The enzyme protein kinase C is 
isolated from rat brains according to the method of Kikkawa et al. v J. Biol. Chem. 257, 13341 (1982). 

30 The reaction is started by adding the enzyme, is run at 30* C for 10 minutes and is then stopped using 
1 ml of ice-cold 10% trichloroacetic acid. Acid-precipitable protein is collected on glass fibre discs by 
filtration. These discs are then washed with 5% trichloroacetic acid containing 20 mM sodium 
pyrophosphate (in order to remove unreacted ATP), followed by ethanol. The discs are dried and counted. 
Counts associated with each disc are used as a measure of the incorporation of ^P from fa-^PJATP into 

35 histone. The degree of enzyme blockade at each test compound concentration is calculated from 



Cpm incorporated + test compound + enzyme 
x 100% 

40 

Cpm incorporated - test compound + enzyme 



The ICso value is that concentration of test compound which reduces by 50% the protein kinase- 
45 induced incorporation of the M P under the assay conditions described above. 

The results obtaining in the above test with representative compounds of formula I are given in the 
following Table. 

Table 

60 



Product of 
Example No. 


ICso(nM) 


10 
11 


3.3 
5.5 



The compounds of formula I and their aforementioned salts can be used as medicaments, for example, 
in the form of pharmaceutical preparations. The pharmaceutical preparations can be administered orally, for 
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example in the form of tablets, coated tablets, dragees, hard and soft gelatine capsules, solutions, 
emulsions or suspensions. However, they can also be administered rectally (e.g. in the form of sup- 
positories) or parenteraJly (e.g. in the form of injection solutions). 

For the manufacture of pharmaceutical preparations the compounds of formula I and their aforemen- 

6 tioned salts can be formulated with therapeutically inert inorganic or organic carriers. Lactose, maize starch 
or derivatives thereof, talc, stearic acid or its salts and the like can be used, for example, as such carriers 
for tablets, coated tablets, dragees and hard gelatine capsules. Suitable carriers for soft gelatine capsules 
are. for example, vegetable oils, waxes, fats, semi-solid and liquid polyois and the like. Depending on the 
nature of the active substance no carriers are, however, generally required in the case of soft gelatine 

ro capsules. Suitable carriers for the manufacture of solutions and syrups are, for example, water, polyois, 
saccharose, invert sugar, glucose and the like. Suitable carriers for injection solutions are, for example, 
water, alcohols, polyois, glycerine, vegetable oils and the like. Suitable carriers for suppositories are, for 
example, natural or hardened oils, waxes, fats, semi-liquid polyois and the like. 

The pharmaceutical preparations can also contain pre-serving agents, solubilizing agents, stabilizing 

fs agents, wetting agents, emulsifying agents, sweetening agents, colouring agents, flavouring agents, salts for 
varying the osmotic pressure, buffers, coating agents or antioxidants. They can also contain still other 
therapeutically valuable substances. Medicaments containing a compound of formula I or a salt thereof as 
defined above and a therapeutically inert carrier as well as a process for the manufacture of such 
medicaments are also objects of the present invention. This process comprises bringing a compound of 

20 formula I or a salt thereof as defined above into a galenical administration form together with a 
therapeutically inert carrier material and. if desired, one or more other therapeutically active substances. 

As mentioned above, the compounds of formula I and their aforementioned salts can be used in the 
control or prevention of illnesses, especially in the control or prevention of inflammatory, immunological, 
bronchopulmonary, dermatological and cardiovascular disorders, for the treatment of asthma, AIDS or 

25 diabetic complications or for the stimulation of hair growth. The dosage can vary within wide limits and will, 
of course, be adjusted to the individual requirements in each particular case. In general, in the case of oral 
administration to adults, a daily dosage of about 5 mg to about 500 mg should be appropriate, although the 
upper limit may be exceeded when this is found to be expedient. The daily dosage can be administered as 
a single dose or in divided doses. 

30 The following Examples illustrate the present invention: 

Example 1 

A solution of 1^5 g (2.32 mmol) of 3-[8(R or SH1(R or S)-tert-butoxyformamidoethy 11-6,7,8.9- 
35 tetrahydropyridoI1,2-apndol-10-ylM"(1-rnethyl-3-indolyl)-1H-pyrrole-2,5-dione (diastereomer A) in 10 ml of 
ethyl acetate was treated with 30 ml of a saturated solution of hydrogen chloride in ethyl acetate and stirred 
at room temperature for 18 hours. The solid obtained was filtered off and dried to give 1.0 g of 3-[8(R or Sy 
[1 (R or S)-aminoethy l]-6 ,7,8,9-tetrahydropy rido[ 1 ,2-a]indol-1 0-y l]-4-(1 -methy l-3-indolyl)-1 H-pyrrole-2,5-dione 
hydrochloride (diastereomer A) as a red solid of melting point 324-325 • C. 
40 The 3-{8(R or SH1(R or S)-t©rt-butoxyformamidoethyll-6,7,8.9-tetrahydropyrido[1,2-a]indol-10-ylH-(1- 
methyl-3-indolyl)-1 H-pyrrole-2,5-dione (diastereomer A) used as the starting material was prepared as 
follows: 

(i) A stirred suspension of 27 g (126 mmol) of 6,7,8,9-tetrahydropyrido[1,2-a]indole-8-carboxylic acid in 
30 ml of water and 450 mi of acetone was cooled to 0*C and treated in succession with 14.7 g (145 
46 mmol) of triethylamine and 17.3 g (159 mmol) of ethyl chloroformate. After 0.5 hour 6.3 ml of .880 
ammonia was added and stirring was continued for 1 hour. The solvent was removed under reduced " 
pressure and the residue was triturated with aqueous ethanol. The product was filtered off and dried to 
give 13 g of 6,7.8,9-tetrahydropyrido[1,2-a]indole-8-carboxamide as a white solid of melting point 165- 
168*C. 

so (ii) 25.7 g (126 mmol) of trifluoroacetic anhydride were added dropwise to a stirred suspension of 26.5 g 
(123 mmol) of 6,7,8,9-tetrahydropyrido[1,2-a]indole-8-carboxamide and 23.4 g (300 mmol) of pyridine in 
500 ml of dry dioxan at 10* C. After completion of the addition the solvent was removed under reduced 
pressure and the residue was crystallized from methanol to give 13 g of 6,7 a 8,9-tetrahydropyrido[1,2-a}- 
indole-8(RS)-carbonitrile as a light tan solid of melting point 106-1 09 *C. 

65 (iii) A solution of 1.4 g (72. mmol) of 6 ,7,8,9-tetrahydropy rido[1,2-a]indole-8(RS)-carbonitrile in 400 ml of 
dry toluene was treated with 7 ml (21 mmol) of 3M solution of methylmagnesium chloride in 
tetrahydrofuran and the solution obtained was heated to reflux under nitrogen for 0.5 hour. The solution 
was then added to 17 ml (17 mmol) of a 1M solution of lithium aluminium hydride in tetrahydrofuran. The 
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solution obtained was heated to reflux for 15 minutes, cooled and treated dropwise with about 20 ml of 
water. The precipitate was filtered off and washed with 100 ml of ethyl acetate and the combined filtrate 
and washings were evaporated under reduced pressure to give 1 .55 g of a light brown oil. 

The oil was dissolved in 70 ml of dry dichloromethane and treated with 1.5 g (15 mmol) of 
triethylamine followed by 1.8 g (7.4 mmol) of di-tertbutyl dicarbonate at 0*C under nitrogen. The stirred 
solution was allowed to warm to room temperature and stirring was continued for 1 hour. The solvent 
was removed under reduced pressure and the product was purified by flash chromatography on silica 
gel using diethyl ether/petroleum ether (V2) for the elution to give 925 mg of tert.butyl [1(R or Sy 
(6,7,8,9-tetrahydropyrido[1.2-a]indol-6(R or S)-yl)ethyl]carbamate as a mixture of diastereomers in the 
form of a white solid of melting point 114-1 17 *C. 

(iv) A stirred solution of 3.0 g (9.57 mmol) of tert.butyl[1(R or S)-(6,7,8.9-tetrahydropyrido(1 j2*a]indol-8(R 
or S)-yl)ethyl]carbamate in 150 ml of dichloromethane was treated dropwise at 0*C with 1.28 g (10.3 
mmol) of oxalyl chloride. After 5 minutes the solvent was removed under reduced pressure and the 
residue was dissolved in 150 ml of dichloromethane and treated with 2.94 g (11 mmol) of Isopropyl 1- 
methyl-3-indoleacetimidate hydrochloride and 4.38 g (43 mmol) of triethylamine at 0 # C under nitrogen. 
After warming to room temperature the solution was stirred for 24 hours, washed with water and dried 
over magnesium sulphate. The solvent was removed by evaporation and the residue was dissolved in 30 
ml of pyridine. This stirred solution was cooled to ice bath temperature and treated dropwise with 1.5 ml 
(10.8 mmol) of trifluoroacetic anhydride. After 15 minutes the solvent was removed under reduced 
pressure and the residue was partitioned between 200 ml of ethyl acetate and 200 ml of 0.2M 
hydrochloric acid. The organic layer was washed with 50 ml of sodium bicarbonate solution, dried over 
magnesium sulphate and evaporated to dryness. The residue was purified by flash chromatography on 
silica gel using ethyl acetate/petroleum ether (1:2) for the elution to give 1.35 g of 3-[8(R or S)-[1(R or S)- 
tertbutoxyf ormamidoethy l}-6 f 7,8,9-tetrahydropyrido[1 ,2-apndoM 0-y l}-4-(1 -methy l-3-indoly l>- 1 H-py rrole- 
2.5-dione (diastereomer A) in the form of a red solid of melting point 255-7 * C. Further elution gave 1 .38 
g of diastereomer B as a red solid of melting point 230-233 • C. 

Example 2 

In an analogous manner to that described in the first paragraph of Example 1 , from 1 .38 g of 3-[8(R or 
SH1 (R or S)-tert.butoxyformamidoethylJ-6 t 7,8 i 9-tetrahydropyridoI1 .2-a]indol-1 0-yl J-4-(1 -methyl-3-indolyl)- 
1H-pyrrole-2,5-dione (diastereomer B), prepared as described in Example l(iv), there were obtained 930 mg 
of 3-{8(R or S)-[1(R or Shaminoethyl]-6J f 8 f 9-tetrahydropyrido[1 i 2-a]indol-10-yl]-4-(1-methyl-3-indolyl)-1H- 
pyrrole-2,5-dione hydrochloride (diastereomer B) as a red solid of melting point 254-258 *C. 

Example 3 

In a manner analogous to that described in the first paragraph of Example 1, from 180 mg of 3-[8(R or 
S)-n (R or S)-tert.butoxyf ormamidopropyl>6 ( 7,8.9-tetrahydropyrido[1 -2-a]indol-1 0-yl]-4-(1 -methyl-3-indolyl)- 
1H-pyrrole-2,5-dione (diastereomer A) there were obtained 115 mg of 3-[8(R or S)-[1(R or S)-aminopropyl}- 
e.7,8,9-tetrahydropyrido[1 ,2-aJindoM 0-yl}-4-(1 -methyl-3-indolyl)-1 H-pyrrole-2,5-dione hydrochloride (dia- 
stereomer A) as a red solid of melting point 321-323 *C. 

The 3-{8(R or SH1(R or SHert.butoxyformamidopropyl}^,7,8,9-tetrah^ 
methyl-3-indolyl)-1H-pyrrole-2 ( 5-dione (diastereomer A) used as the starting material was prepared as 
follows: 

(I) In a manner analogous to that described in Example 1(Hi), from 500 mg (2.5 mmol) of 6,7,8.9- 
tetrahydropyrido[1 ,2-a]indole-8(RS)-carbonitrile and 2.5 ml (5 mmol) of a 2M solution of ethylmagnesium 
bromide in tetrahydrofuran there were obtained 480 mg of tertbutyl [1(R or S)-(6,7,8,9-tetrahydropyrido- 
[1 ,2-a]Indol-8-(R or S)-yl)propyl]carbamate as a mixture of diastereomers in the form of a white solid of 
melting point 153-156 'C. 

(ii) In a manner analogous to that described in Example 1(iv), from 440 mg (1.34 mmol) of tert.butyl [1(R 
or S)-(6,7 l 8,9-tetrahydropyrido[1,2-a]indol-8(R or S)-yl)propyl]carbamate there were obtained 180 mg of 
3-[8(R or S)-[1(R or SHert.butoxytoi7namidopropylH.7A 

yh3-indolyl)-1 H-pyrrole-2,5-dione (diastereomer A) as a red gum. Further elution gave 130 mg of 
diastereomer B as a red gum. 
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Example 4 

In a manner analogous to that described In the first paragraph of Example 1, from 130 mg of 3-{8(R or 
S)-1 (R or S)-tertbutoxyf ormamidopropyl>6 l 7 ( 8 t 9-tetrahydropyrido[1 2 -ajindoh 1 0-y IH~(1 -methy J-3-indolyl)- 
1 H-pyrrole-2.5-dione [diastereomer B, prepared as described in Example 3(H)]. there were obtained 65 mg 
of 3-[8(R or SH1(R or S)-amirK>propyl]-67,8.9-tetrahydropyridop^ 
pyrroie-2,5-dione hydrochloride (diastereomer B) as a red solid of melting point 245-249 * C. 

Example 5 

In a manner analogous to that described in the first paragraph of Example 1 , from 400 mg (0.7 mmol) of 
3-[6-(R or SH1(R or SHe^butoxyformamidobutylH.7,8,9-tefr^ 

indolylHH-pyrrole-2,5-dione (diastereomer A) there were obtained 310 mg of 3-[8(R or SM1(R or S)- 
aminobutyl]-6,7,8,9-tetrahydropyrido[1 ,2-a]indoM 0-yl]-4-(1 -methy l-3-indolyl)-1 H-pyrrole-2,5-dione hydrochlo- 
ride (diastereomer A) as a red solid of melting point 237-241 9 C. 

The 3-[8-(R or S)-[1(R or SHort.butoxyformamidobutylH^.a^tetrahydropyridbll^-alindolOO-ylM-tl- 
methyl-3-indolylH H-pyrrole-2 ( 5-dione (diastereomer A) used as the starting materia) was prepared as 
follows: 

In a manner analogous to that described in Example 1(iii) and (iv), from 1.0 g (5 mmol) of 6,7,8.9- 
tetrahydropyrido[1 f 2-a]indole-8(RS)-carbonitrile and 5.0 ml (10 mmol) of a 2M solution of n-propylmag- 
nesium chloride in diethyl ether there were obtained 470 mg of 3-[8(R or S)-[1(R or Sy 
tertbutoxyformamidobutyl}-6 ( 7,8,9-tetrahydropyrido[1 ,2-aIirKJol-1u^ylh4-(1-methyl-3-indolyl)-1H-pyrTOle-2 > 5- 
dione (diastereomer A) as a red solid of melting point 227-9 "C. Further elution gave 285 mg of 
diastereomer B as a red solid of melting point 169-172 *C. 

Example 6 

In a manner analogous to that described in the first paragraph of Example 1, from 270 mg (0.48 mmol) 
of 3-[8(R or SM(R or SHert.butoxyformamidobutylhej.e^tetrahydropyridoIl ,2-a]indol-1 0-yl]-4-(1 -methy I- 
3-tndolyl)-1H-pyrrole-2 t 5-dione (diastereomer B), prepared as described in the second paragraph of Exam- 
ple 5, there were obtained 210 mg of 3-I8(R or S)-[1(R or S)-aminobutyl}-6,7.8,9-tetrahydropyrido[1 ^-a)- 
indol-10-ylH-(1-methyl-3-indolyl)-1H-pyrroIe-2,5-dione hydrochloride (diastereomer B) as a red solid of 
melting point 235-238 * C. 

Example 7 

In a manner analogous to that described in the first paragraph of Example 1 , from 400 mg (0.7 mmol) of 
3-(8(R or SH1(R or SH©rt.butoxyformamido-2-methylpropy!]^ 

(1-methyl-3-indolyl)-1H-pyrrole-2 v 5-dione (diastereomer A) there were obtained 300 mg of 3-[8(R or S)-[1(R 
or S)-amino-2-methy Ipropy l)-6 v 7,8 > 9-tetrahydropyrido[1 ,2-a]indol-1 0-yl]-4-(1 -methy l-3-indoly l)-1 H-py rroie-2,5- 
dione hydrochloride (diastereomer A) as a red solid of melting point 254-256 • C. 

The 3-[8(R or S)-[1(R or S)-tert.butoxyf ormamido-2-methy Ipropy l]-6 ,7,8,9-tetrahy dropyrido[1 ,2-a]indot- 
10-yl]-4-(1 -methy l-3-indoly I)- 1 H-py rrole-2,5-dione (diastereomer A) used as the starting material was pre- 
pared as follows: 

(i) A solution of 2.0 g (10 mmol) of ej.B.O-tetrahydropyridoII^-alindole-StRS^carbonitrile in 150 ml of 
dry toluene was treated with 10 ml (20 mmol) of a 2M solution of isopropylmagnesium chloride in 
tetrahydrofuran and the solution obtained was heated to reflux for 20 minutes. The solution was cooled 
and treated dropwise with 24 ml (24 mmol) of a 1M solution of lithium aluminium hydride in 
tetrahydrofuran. The solution obtained was stirred at room temperature for 1 .5 hours, cooled and treated 
dropwise with about 20 ml of water. The precipitate was filtered off, washed with 100 ml of dich- 
loromethane and the combined filtrates were evaporated under reduced pressure to give 72 g of pale 
brown oil. The oil was dissolved in 100 ml of dry dichloromethane and treated with 2.34 g (23.4 mmol) of 
triethylamine followed by 2.8 g (11.6 mmol) of di-tert.-butyldicarbonate at 0*C under nitrogen. The 
stirred solution was allowed to warm to room temperature and stirring was continued for 70 hours. The 
solvent was removed under reduced pressure and the products were purified by flash chromatography 
on silica gel using diethyl ether/petroleum ether (1 :2) for the elution to give 800 mg of tertbutyl [1 (R or 
SH6.7.8.9-tetrahydropyridol1,2-a]indol-8(R or S)-yl>2-methy Ipropy l]carbamate (diastereomer A) as a 
white solid of melting point 118-9*C. Further elution gave 420 mg of diastereomer B as a white solid of 
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melting point 1 28-1 29 • C. 

(ii) A stirred solution of 770 mg (2.25 mmol) of tertbutyl I1(R or SH6,7,8,9-tetrahydropyrido[1,2-a]indol-8- 
(R or S)-yl]-2-methylpropyl)carbamate (diastereomer A) in 30 ml of dichloromethane at 0* C was treated 
dropwise with 287 mg (2.4 mmol) of oxalyl chloride. After 5 minutes the solvent was removed under 
reduced pressure and the residue was dissolved in 30 ml of dichloromethane and treated with 686 mg 
(2.57 mmol) of isopropyl 1 -methyl-3-indoleacetimidate hydrochloride and 1.02 g (10 mmol) of 
triethylamine at 0*C under nitrogen. After warming to room temperature the solution was stirred for 18 
hours, washed with 50 ml of water and dried over magnesium sulphate. The solvent was removed by 
evaporation and the residue was dissolved in 10 ml of pyridine. The stirred solution was cooled to ice 
bath temperature and treated dropwise with 664 ul (4.8 mmol) of trifluoroacetic anhydride. After 15 
minutes 50 ml of ethyl acetate was added and the organic phase was washed with water and 2M 
hydrochloric acid, dried over magnesium sulphate and evaporated to dryness. The residue was purified 
by flash chromatography on silica gel using ethyl acetate/petroleum ether (1:2) for the edition to give 460 
mg of 3-{8(R or SH1(R or SHert.butoxyfonnamido-2-methylpropyl^ 

10-yl]-4-(1-methyl-3-indolyl)-1H-pyrrole-2 t 5-dione (diastereomer A) as a red solid of melting point 223- 
224- C. 

Example 8 

In an analogous manner to that described in the first paragraph of Example 1, from 270 mg (0.48 mmol) 
of 3-[B(R or S)-{1(R or SHert.butoxyfonnamidcK2-methylpro^ 

(1-methyl-3*indolylHH-pyrrole-2,5-dione (diastereomer B) there were obtained 180 mg of 3-[8(R or S)-[1(R 
or S)-amino-2-methylpropyl]-6.7.8.9-tetrahydropyrido[1 ,2-a]indol-1 0-yl>4-9-(1 -methyl-3-indolyl)-1 H-pyrrole- 
2,5-dione hydrochloride (diastereomer B) as a red solid of melting point 248-250 *C. 

The 3-(8(R or S)-[1(R or SBert.butoxyfonnamido-2-methyl^ 
1 0-yl>4-(1 -methyl*3-indolyl)-1 H-pyrrole-2,5-dione (diastereomer B) used as the starting materal was pre- 
pared as follows: 

In an analogous manner to that described in Example 7(H), from 385 mg of tertbutyl [1(R or S)-[6,7,8,9- 
tetrahydropyrido[1,2-a]indol-8(R or S)-yf}-2-methylpropyl]cart>amate (diastereomer B), prepared as de- 
scribed in Example 7(i), there were obtained 270 mg of 3-[8(R or S)-[1(R or S)-tertbutoxyformamido-2- 
methylpropyl}-6,7 i 8.9-tetrahydropyridoI1 ,2-a]indol-1 0-yl J-4-(1 -methyl-3-indoly l)-1 H-pyrrole-2,5-dione (dia- 
stereomer B) as a red gum. 

Example 9 

In a manner analogous to that described in the first paragraph of Example 1, from 1.2 g (2.17 mmol) of 
348(S)-[1(R or SH©rt.butoxyfonriamidopropyl}-6^ 

doiyl)-1H-pyrrole-2 v 5-dione (diastereomer A) there were obtained 850 mg of 3-[8(S)-[1(R or S)-aminopropylJ- 
6,7,8,9-tetrahydropy rido[1 ,2-apndoM 0-yl)-4-(1 -methyl-3-indolyl)-1 H-pyrrole-2 v 5-dione hydrochloride (dia- 
stereomer A) as a red solid of melting point 304-308* C. 

The 3-[8(SH1(R or SHert.butoxyformamidopropylHJ.e.O-te^ 
yl-3-indolyl)-1H-pyrrole-2 t 5-dione (diastereomer A) used as the starting material was prepared as follows: 
0) An ice-cooled solution of 50.0 g (248 mmol) of 6(S)-hydroxymethyl-6,7 l 8,9-tetrahydropyrido[1 v 2-a}- 
indole in 500 ml of dichloromethane was treated with 50 ml (358 mmol) of triethylamine and 52.0 g (298 
mmol) of methanesulphonic anhydride over a period of 20 minutes. After 2 hours 250 ml of water were 
added and the organic phase was washed in succession with two 250 ml portions of saturated sodium 
bicarbonate solution and 200 ml of water. The organic phase was then dried over magnesium sulphate 
and evaporated. The residual solid was triturated with ether, filtered off and dried in vacuo to give 65.4g 
of [6,7 v 8,9-tetrahydropyrido[1^-a]indol-8(S)-yl]methyl methanesulphonate as a pale pink solid of melting 
point 114-5*C; [ag° = -39.7* (c = 1%, CKbCb). 

(ii) 18.0 g (367 mmol) of sodium cyanide were added to a solution of 65.0 g (233 mmol) of (6.7,8,9- 
tetrahydropyrido[1,2-a]indol-8(S)-yl)methyl methanesulphonate in 500 ml of dimethylformamide and the 
mixture was heated at 70 *C for 24 hours. The mixture was partitioned between 1000 ml of water and 
600 ml of ethyl acetate. The aqueous phase was extracted twice with 700 ml of ethyl acetate each time 
and the combined extracts were washed in twice with 500 ml of water each time, dried over magnesium 
sulphate and evaporated. The brown solid obtained was dissolved in ethyl acetate and the solution was 
filtered through a pad of silica gel. The solvent was removed in a vacuum and the residue was 
crystallized from methanol to give 25.8 g of 6,7,8,9-tetrahydropyrido[1,2-a]indole-8(S)-acetonitrile as a 



EP 0 624 586 A1 



fight brown solid of melting point 100-101 *C; [ag° -40.6* (c = 0.84%. CH2CI2). 

(iil) A solution of 27.0 g (129 mmol) of 6.7,8.9-tetrahydropyrido[1^-a]indol8-8(S)*acetonitrile and 120 ml 
of 2M sodium hydroxide in 400 ml of 1 ,2-ethanediol was heated to reflux for 4 hours. 400 ml of ethyl 
acetate were added and the organic phase was washed in succession with 500 ml of water, 150 ml of 
s 2M hydrochloric acid and three 500 mlportions of water, dried over magnesium sulphate and evaporated 
to give 29 g of [6(SH6.7 a 8.9-tetrahydropyrido[1^-a]indolyl]acetic acid as a pale pink solid of melting 
point 118-120*C. 

(iv) A solution of 29 g (127 mmol) of 8(SH6.7,8,9-tetrahydropyrido[1,2-a]indolyl)acetic acid and 5 ml of 
concentrated sulphuric acid in 500 ml of methanol was heated to reflux for 1 hour. The mixture was 

io concentrated under reduced pressure and the product was filtered off and dried to give 28.4 g of methyl 
[8(SH6,7,6,9-tetrahydropyrido[1,2-a]indolyl]acetate as a pale pink solid of melting point 84-87 m C. 

(v) 10 g (100 mmol) of diisopropylamine in 60 ml of dry tetrahydrofuran were treated at 0*C under 
nitrogen with 63 ml (100 mmol) of a 1.6M solution of n-butyllithium in hexane and stirred for 15 minutes. 
The solution obtained was cooled to -78 9 C and a solution of 14.9 g (61.3 mmol) of methyl [8(S)-6,7.8,9- 

75 tetrahydropyrido[1,2-a]indolyl)acetate in 60 ml of tetrahydrofuran was added dropwise. After 30 minutes 
15.6 g (100 mmol) of ethyl iodide were added and the mixture was stirred for 0.5 hour. A further 8 g of 
ethyl iodide were then added and the mixture was allowed to warm to room temperature tor about 1 
hour. The mixture was partitioned between 300 ml of diethyl ether and 20 ml of 2M hydrochloric acid. 
The organic phase was washed three times with 300 ml of water each time, dried over magnesium 

20 sulphate and evaporated to give 17 g of a pale orange oil. A sample was crystallized from methanol to 
give methyl alpha (R or S)-ethyl-6,7,8.9-tetrahydropyrido[l ,2-apndoie-8(S)-acetate (diastereomers A + B) 
as a pale pink solid of melting point 87-90 * C. 

(vi) A solution of 17 g (63 mmol) of methyl alpha (R or S)-ethyl-6,7,8.9-tetrahydropyrido[1 t 2-a]indole-8(S)- 
acetate (diastereomers A + B) in 150 ml of methanol was treated with 130 ml of 2M sodium hydroxide 

25 and heated to reflux for 18 hours. The cooled solution was added to 150 ml of 4M hydrochloric acid and 
the resulting precipitate was filtered off and partitioned between 200 ml of dichloromethane and 100 ml 
of water. The organic phase was separated, dried over magnesium sulphate and evaporated to give 15 g 
of alpha (R or S)-6,7,8.9-tetrahydropyrido[1 ,2-apndole-8(S)-acetic acid (diastereomers A + B) as a pale 
pink solid. 

so (vii) A stirred solution of 15 g (58.4 mmol) of alpha (R or S)-6,7,8.9-tetrahydropyrido[1,2-a]indo!e-8(S)- 
acetic acid (diastereomers A ♦ B) in 450 ml of toluene was treated with 6.5 g (65 mmol) of triethylamine 
and 18.6 g (67.5 mmol) of diphenylphosphonyl azide at room temperature under nitrogen. After 1 hour at 
room temperature the mixture was heated to reflux for 0.5 hour, cooled and the solvent was removed 
under reduced pressure. The residue was purified by flash chromatography on silica gel using diethyl 

35 ether/petroleum ether (1:3) for the elution to give 14 g of the isocyanate as a colourless oil. The oil was 
dissolved in 400 ml of dioxan and 150 ml of 2M hydrochloric acid and the solution obtained was stirred 
at room temperature for 18 hours. The solution was concentrated and partitioned between 300 ml of 
ethyl acetate and 2M sodium hydroxide solution. The aqueous layer was extracted with 100 ml of ethyl 
acetate and the combined organic solutions were washed twice with 400 ml of water each time, dried 

40 over magnesium sulphate and evaporated to dryness to give 7.7 g of a cream coloured foam. 

This foam in 200 ml of dry dichloromethane was treated with 7.6 g (75 mmol) of triethylamine and 
10.9 g (50 mmol) of di-tert. butyl dicarbonate and the mixture was stirred at room temperature for 3 
hours. The solvent was removed under reduced pressure and the residue was subjected to flash 
chromatography on silica gel using diethyl ether/petroleum ether (1:2) for the elution to give 4.5 g of 

46 tertbutyl [1(R or S)-[6,7,8,9-tetrahydropyrido(1^-a]indole-8(S)-yl]propyl]carbamate (diasteroisomers A + 
B) as a white solid of melting point 1 52-1 58 "C. 

(viii) In a manner analogous to that described in Example 1(iv). from 4.3 g (13.1 mmol) of tert.butyl [1(R 
or SH6,7,8,9-tetrahydropyrido-[1,2-a]indol-8(S)-yl]propyl]carbamate (diastereomers A ♦ B) there were 
obtained 1.2 g of 3-[8(S)-{1(R or SHort.butoxyfonmamidopropyl]-6,7,8,9-tetrahydropyrido[1,2-a]indol-10- 
60 yl]-4-(1-methyl-3-indolyl)-1H-pyrrole-2,5KJione (diastereomer A) and 2.0 g of diastereomer B, both as red 
solids. 

Example 10 

66 In a manner analogous to that described in the first paragraph of Example 1, from 2.0 g (3.62 mmol) of 
3-{8<SH1 (R or 8)-tert.butoxyformamidopropyl}-6.7,8,9-tetrahydropyrido[1 ,2-a]indoM 0-yl}-4-(1 -methyl-3-in- 
dolyl)-1 H-pyrrole-2,5-dione (diastereomer B), prepared as described in Example 6, there were obtained 1 .28 
g of 3-[8(SH1(R or S)-aminopropylJ-6,7.8.9-tetrahydro^ 
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role-2.5-dione hydrochloride (diastereomer B) as a red solid of melting point 247-253 • C. 
Example 1 1 

5 In a manner analogous to that described in the first paragraph of Example 1, from 1.46 g of 3-[B<SH1- 
(SHeftbutoxyfoirnafnido-2-methylpro ,2-a]indoM 0-yl}-4-<1 -methyl-3-Hndolyl)- 

1H-pyrrole-2,5-dione there were obtained 1.29 g of 3~[8(S)-[1(S)-arnino->2-methytpropyl)-6,7,8,9- 
tetrahydropyrido(1,2-a]indoMO-yl-4-(1 -methyl^ hydrochloride as a red solid of 

melting point 253-256 * C. 

io The 3-{8(SH 1 (SH^butoxyformamido-2-methylpropyl]-6,7 v 8,9-tetrahydropyrido[1 ,2-aJndoi- 1 0-y l]-4-(1 - 
methyl-3-indoly l)-1 H-pyrrole-2,5-dione used as the starting material was prepared as follows: 

(i) To 40 g (114 mmoi) of 6,7,8,9-tetrahydropyrido[1,2-afndole-8(S)-carboxylic acid 1-menthyl ester were 
added 50 ml of concentrated sulphuric acid and the mixture obtained was stirred until all starting material 
had dissolved (about 20 minutes). The solution was poured carefully into 1500 ml of ice-water and the 

is resulting precipitate was filtered off. washed with petroleum ether/toluene (3:1) and dried to give 24.2 g of 
6 ( 7,8,9-tetrahydropyrido{1 t 2-a]indole-8(S>-cart>oxylic acid as a white solid of melting point 251-253 "C. 

(ii) A stirred suspension of 24.0 g (111 mmol) of 6,7 > 8.9-tetrahydropyrido[1 v 2-a]indole-8(S)-carboxylic acid 
in 500 ml of dichloromethane was treated in succession at 0*C with 24 ml (138 mmol) of 
diisopropytethylamine, 13.24 g (136 mmol) of N.O-dimethylhydroxylamine hydrochloride, 10 mg of 

20 dimethylaminopyridine and 23.04 g (112 mmol) of dicydohexylcarbodiimide. The mixture obtained was 
stirred at room temperature for 18 hours and filtered, and the solid was washed twice with 100 ml of 
dichloromethane each time. The combined filtrates were evaporated to dryness and the residue was 
purified by flash chromatography on silica gel using ethyl acetate/petroleum ether (1:3) for the elution to 
give 22.6 g of a white solid. A sample was triturated with ether/petroleum ether to give 6,7,8,9-tetrahydro- 

25 N-methoxy-N-methyhpyrido[1,2-a]indole-6(S)-carboxamide as a white solid of melting point 78-80 *C. 

(ifi) A stirred solution of 10.0 g (38.7 mmol) of 6,7 t 8,9-tetrahydro-N-methoxy-N-methyl-pyrido[1^-apndole- 
8(S)-carboxamide in 250 ml of tetrahydrofuran was treated dropwise at 0"C with 60 ml (120 mmol) of a 
2M solution of isopropylmagnesium chloride in tetrahydrofuran. The mixture was stirred at room 
temperature for 18 hours and poured into 250 ml of saturated ammonium chloride solution. The aqueous 

so phase was washed four times with 100 ml of diethyl ether each time and the combined ethereal extracts 
were washed with 200 ml of brine, dried over magnesium sulphate and evaporated to dryness. The 
product was purified by flash chromatography on silica gel using ethyl acetate/petroleum ether (1:3) for 
the elution to give 4.4g of isopropyl 6,7 l 8,9-tetrahydropyrido[1^-a]indol-8(S)-yl ketone as a white solid of 
melting point 78-79 • C. 

35 (iv) A suspension of 4.0 g (18.6 mmol) of isopropyl 6,7,8,9-tetrahydropyrido[1,2-a]indol-8(S)-yl ketone in 
120 ml of ethanol was treated with a solution of 2.30 g (33 mmol) of hydroxy lamine hydrochloride and 
1.0 g (25 mmol) of sodium hydroxide in 20 ml of water. The mixture obtained was heated to reflux for 3.5 
hour, cooled and filtered. The solid obtained was dried to give 3.54 g of oxime as a white solid. 

The oxime was dissolved in 150 ml of dry tetrahydrofuran and treated with 12.5 ml (12.5 mmol) of a 

40 1M solution of lithium aluminium hydride in tetrahydrofuran. The solution obtained was heated to reflux 
for 3 hours under nitrogen, cooled and cautiously treated with 150 ml of water. The mixture was 
extracted with 200 ml of ethyl acetate and then with two 150 ml portions of ethyl acetate, and the 
combined organic extracts were dried over magnesium sulphate and evaporated to dryness. The residue 
was dissolved in 150 ml of dichloromethane and the solution obtained was treated with 3 ml (21.5 mmol) 

45 of triethy lamine and 3.4 g (15.6 mmol) of di-tert.butyl dicarbonate and stirred for 18 hours. The mixture 
was washed with 150 ml of saturated ammonium chloride solution, dried over magnesium sulphate and 
evaporated under reduced pressure. Purification by flash chromatography on silica gel using diethyl 
ether/petroleum ether (1:3) for the elution gave 1.4 g of tertbutyl [1(RH6.7,8,9-tetrahydropyrido[1,2-a)- 
indol-8(S)-yl)-2-methylpropyl}carbamate as a white solid of melting point 122-1 24 # C. Further elution gave 

50 1.1g of tertbutyl [1(SH6J,8 l 9-tetrahydropyrido[1,2-a]indol-8(S)-ylh2-methylpropyl]carbamate as a white 
solid of melting point 1 54-1 55 • C. 

(v) In a manner analogous to that described in Example 1(iv), from 1.1 g of tertbutyl [1 (S)-[6,7,8,9- 
tetrahydropyrido[1,2-a]indol-8(S)-yl)-2-methylpropyl]carbamate there were obtained 1.46 g of 3-{B(SH1- 
(S)-tertbutoxyformamido-2-methylpropylJ-6,7 t 8 f 9-tetrahydropyridoI1 ,2-a]indol-1 0-ylJ-4-(1 -methyl-3- 
65 indolyl)-1H-pyrrole-2,5-dione as a red foam. 
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Example 12 

In a manner analogous to that described in the first paragraph of Example 1 , from 0.5 g (0.88 mmol) of 

3- {8<SH1 (R)-tert.butoxyformamido-2-methylpropy l}-6,7 a 8 t 9-tetrahydropyrido[1 ,2-a Jindol-1 O-y l}-4-(1 -methyl-3- 
indolylH H-pyrrole-2,5-dione there was obtained 0.41 g of 3-[8(S)-[1(R)-amino-2-methylpropyl]-6 l 7»83- 
tetrahydropyrido[1,2-a]indoMQ-ylH^1-m^ hydrochloride as a red solid 
of melting poing 235-242. 

The 3-[8<SH1(RHert.birtoxyformamido-2^efr 
methyh3-indolyl)-1H-pyrroie-2.5-dione used as the starting material was prepared as follows: 

In a manner analogous to that described in Example 1(iv). from 0.94 g of tert butyl [1(RH6,7 f 8 v 9- 
tetrahydropyrido[1 t 2-a]indol-8(S)-yl]-2-methylpropyl]carbamate, prepared as described in Example 11(i) - 
(iv), there were obtained 1.05 g of 3-[8(SH1(RMert.butoxyformamido-2-m 
teti^ydropyrido(1£-a]indoM0-yl}-4-(1-methyl-3-ind as a red foam. 

Example 13 

In a manner analogous to that described in the first paragraph of Example 1, from 100 mg of 3-[8(R or 
SHalpha (R or SHert.butoxyfonnamidobenzyl}-6 l 7 l 8,9-tetrahydropyri 

dolyl)-lH-pyrrole-2 ( 5-dione (diastereomer A) there were obtained 50 mg of 3-[8(R or S) [alpha (R or Sy 
ajnirK>benzyll-6 1 7 I 8,9-tetraJiydropyrido[1,2^^ hydro- 
chloride (diastereomer A) as a red solid of melting point 234-237 'C. 

The 3-[8(R or S) [aipha(R or SHert.butoxyformamidobenzyl]-6 v 7 l 8,9*tetrahydropyrido[1,2-a]-indol-10-yl}- 

4- (l-methyl-3-indolyl)-1H-pyrro!9-2 t 5-dione (diastereomer A) used as the starting material was prepared as 
follows: 

(i) In a manner analogous to that described in Example 1(iii) from 1.0 g (5.1 mmol) of 6,7,8,9- 
tetrahydropyrido[1 f 2-a]indole-8(RS>-carbonitrile and 3.7 ml (11 mmol) of a 3M solution of phenyl- 
magnesium bromide in tetrahydrofuran there was obtained 0.9 g of tert.butyl [alpha (R or S)-(6,7,8 t 9- 
tetrahydropyrido(1,2-a]indol-8(R or S)-yl)benzyl]carbamate as a mixture of diastereomers in the form of a 
white solid of melting point 160-165 # C. 

(ii) In a manner analogous to that described In Example 1(iv). from 800 mg (2.1 mmol) of tertbutyl [alpha 
(R or SH6,7,8,9-tetrahydropyrido[l.2-aIindof-8-(R or S)-yl)benzyl]carbamate there were obtained 330 mg 
of 3-[8(R or SHalpha (R or SHort.butoxytormamidoben2yl}-6 v 7 v 8,9-tetrahydropyrido[1,2-ahindol-10-yl}^ 
(1-methyl-3-indolyl)-1H-pyrrole-2,5-dione (diastereomer A) as a red gum. Further elution gave 280 mg of 
diastereomer B as a red gum. 

Example 14 

In a manner analogous to that described in the first paragraph of Example 1, from 200 mg of 3-[8(R or 
SHalpha (R or SHert.butoxyfoirnamidobenzylH.7.8,9-tetrahydropyrtf^ 

dolyl)-1H-pyrrole-2,5-dione (diastereomer B), prepared as described in Example 13(H), there were obtained 
70 mg of 3-[8(R or SHalpha (R or S)-aniinobenzyl]-6,7,8 v 9-tetrahydropyrido[1,2-a]-indol-10-yl}-4-(1-methyh 
3-indolyl)-1H-pyrrole-2,5-dione hydrochloride (diastereomer B) as a red solid of melting point 226-233 *C. 

Example 15 

In a manner analogous to that described in the first paragraph of Example 1, from 200 mg of 3-[8(SH(R 
or S)-(tert.butoxyfonmamido)(cyclopentyl)methyl}-6,7 l 8 v 9-tetrahydropyrido[1 ,2-a]indoM 0-yll-4-(1 -methyl-3-in- 
dolylH H-pyrrole-2,5-dione (diastereomer A) there were obtained 150 mg of 3-[8(S)-[(R or S)-(amino>- 
(cyclopentyl)methylJ-6,7 f 8.9-tetrahydropyrido[1 ,2-a]indol- 1 0-y l}-4-(1 -methyl-3-indolyl)-1 H-pyrrole-2,5-dione 
hydrochloride (diastereomer A) as a red solid of melting point 236-241 * C. 

The 3-[8(SH(R or SHtert.butoxyformamido)(cyclopentyl)-m 
10-yl>4-(1-methyl-3-indolyl)-1H-pyiTole-2,5-dione used as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 11 (Hi), from 2.0 g (7.75 mmol) of 6,7,8,9- 
tetrahydro-N-methoxy-N-methylpyrido[1,2-a]indole-8(S)-carboxamide and 15 ml (30 mmol) of a 2M 
solution of cyclopentylmagnesium chloride in diethyl ether there were obtained 1.1 g of cyclopentyl 
6,7 > 8,9-tetrahydropyrido[1 > 2-a]indol-8<S)-yl ketone as a pale yellow solid of melting point 69 *C. 

(ii) In a manner analogous to that described in Example 11(iv). from 1.05 g (3.9 mmol) of cyclopentyl 
6,7,8,9-tetrahydropyrido[1,2-a]indol-8(S)-yl ketone there were obtained 330 mg of 8(SH(R or S)- 
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(tert.butoxyformamido)(cyclope^ (diastereomer A) as a 

white solid of melting point 140-1 43 # C. Further elation gave 430 mg of diastereomer B as a white solid 
of melting point 58-63 * C. 

(Hi) in a manner analogous to that described in Example l(iv), from 300 mg of 8{S)-[(R or Sy 
tert.butoxyformamido)(cylopentyl)methyl}-6,7 t 8 < 9-tetrahydropyrido[1 ,2-a]indole (diastereomer A) there 
were obtained 200 mg of 3-[8(SH(R or SHtert.butoxyfoi7namido)-(cyctopentyl)m 
tetrahydropyrido[1£-a]indol-10-yl}-4-(1-meth^ as a red gum. 

Example 16 

In a manner analogous to that described in the first paragraph of Example 1 , from 250 mg of 3-{8(SH(R 
or S)-(tert.butoxyformamido)(cyclopenty l)methyl]-6,7.8 f 9-tetrahydropyrido[1 ,2-a]indol-1 0-ylJ-4-(1 -methyl-3-<n- 
dolyl)-1H-pyrrole-2 ( 5-dione (diastereomer B) there were obtained 160 mg of 3-[8(SH(R or SHamino)- 
(cyclopentyl)methy l}-6,7,8,9-tetrahydropyrido{1 ,2-a]indoM 0-yl}-4-(1 -methy l-3-irtdolyl)-1 H-pyrrole-2,5-dione 
hydrochloride (diastereomer B) as a red solid of melting point 241-245 *C. 

The 3-l8(SH(R or SHtert.butoxyformamido)(cyclopentyl^ 
10-ylH-(1-methyl-3-indolyl)-1H-pyrrole-2 ( 5-dione used as the starting material was prepared as follows: 

In a manner analogous to that described in Example 1(iv), from 400 mg of 8(SH(R or S)- 
(tert.butoxyformamido)(cyclopentyl)-methyll-6 1 7,8.9-tetrahydropyrido[l ,2-a]indole (diastereomer B), prepared 
as described in Example 15(i) - (ii), there were obtained 250 mg of 3-[8(S)-[(R or S)-(tert.butoxyformamido)- 
(cyclorxmtyl)methyl}-67,8,9-tetrahyd™^ H-pyrrole-2.5-dione 
as a red gum. 

Example 17 

In a manner analogous to that described in the first paragraph of Example 1 , from 40 mg of 3-[2(R or 
SH1(R or S)-tert.butoxyformamido-2-methylpropyl]-2 9 3-dihydro-1 H-pyrrolo[1 ,2-aJindol-9-yl]-4-(1 -methy l-3-in- 
dolyl)-1H-pyrrole-2,5-dione (diastereomer A) there were obtained 20 mg of 3-[2-(R or S)-[1(R or S)-amino-2- 
methylpropyl]-2,3-dihydro-1 H-pyrroloI1 ,2-a]indol-9-yl]-4-(1 -methyl-3-indolyl)-1 H-pyrrole-2,5-dione hydrochlo- 
ride (diastereomer A) as a red solid of melting point 224-230 *C. 

The 3-[2(R or S)-[1(R or S)-tert.butoxyformamido-2-methylpropylh2 t 3-dihydro-1H-pyrrolo[1,2-aIindol-9- 
yl}-4-(1^ethyl-3-indolyl)-1H-pyrrole-2,5-dione used as the starting material was prepared as follows: 

(i) A solution of 8.0 g (35 mmol) of ethyl 2,3-dihydro-1H-pyrrolo[1»2-a]indole-2(RS)-carboxylate in 100 ml 
of ethanol and 100 ml of water was treated with 3.0 g (75 mmol) of sodium hydroxide. The mixture was 
heated at reflux for 15 minutes, then cooled and acidified with 60 ml (120 mmol) of 2M hydrochloric acid. 
The suspension was filtered and the solid was washed with 50 ml of water and then dried to give 5.9 g of 
2,3-dihydro-1H-pyrrolo[1 l 2-a]indole-2(RS)-carboxylic acid as a white solid of melting point 171-173*0. 

(ii) In a manner analogous to that described in Example 11 (ii), from 4.0 g (20 mmol) of 2,3-dihydro-1 H- 
pyrrolo[1,2-a]indole-2(RS>-carboxylic add there were obtained 2.35 g of 2,3-dihydro-N-methoxy-N-meth- 
yHH-pyrrolo[1,2-a]indole-2(RS)-carboxamide as a white solid of melting point 87-88 *C 

(Hi) A suspension of 840 mg (35 mg atom) of magnesium turnings in 60 ml of tetrahydrofuran was 
treated dropwise with a solution of 4.4 g (37 mmol) of 2-bromopropene in 10 ml of tetrahydrofuran. The 
mixture was heated at reflux for a further 30 minutes, then cooled to 0 • C and added at this temperature 
to a solution of 2.3 g (9.4 mmol) of 2,3-dihydro-N-methoxy-N-methyl-1 H-pyrrolo[1 ,2-apndole-2(RS>- 
carboxamide in 50 ml of tetrahydrofuran. After stirring at 0 # C for 30 minutes the mixture was poured into 
200 ml of saturated aqueous ammonium chloride solution. The solution was extracted with 200 ml of 
ethyl acetate and the organic phase was dried over magnesium sulphate and filtered. Addition of 
petroleum ether (b.p. 40-60 • C) gave a precipitate which was filtered off and dried to give 1 .6 g of a 
white solid. The solid was dissolved in 100 ml of ethanol and hydrogenated over 200 mg of 10% 
palladium-on-carbon at atmospheric pressure for 1 hour. The catalyst was removed by filtration and the 
filtrate was concentrated under reduced pressure until crystallization commenced. The product was 
filtered off and dried to give 1 .55 g of isopropyl 2.3-dihydro-1 H-pyrrolo[1 .2-a]indol-2(RS)-yl ketone as a 
white solid of melting point 104-105 * C. 

(iv) In a manner analogous to that described in Example 11 (iv), from 1.5 g of isopropyl 2,3-dihydro-1H- 
pyrrolo[1,2-alindol-2(RS}-y Iketone there were obtained 830 mg of tert. butyl [1(R or S)-[2,3-dihydro-1H- 
pyrrolo[1,2-apndoK2(R or S)-yl}-2-methylpropyl}-carbamate as a mixture of diastereomers. The mixture 
was stirred in 20 ml of ethyl acetate saturated with hydrogen chloride for 2 hours. The solid obtained was 
filtered off and purified by flash chromatography on silica gel using methanol/dichloromethane (1:10) for 
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the elution to give 150 mg of 2(R or S)-[1(R or Shamino-2-methylpropyl}-2,3-dihydro-1 H-pyrrolo[1 ,2-aJ- 
indole hydrochloride (diastereomer A) in the form of a white solid. Further elution gave 150 mg of 
diastereomer B as a white solid. 

(v) A solution of 100 mg (0.38 mmol) of 2(R or S)-[1(R or S)-amino-2-methy!propylh2,3-dihydro-1H- 
pyrrolo[1»2-a]indole hydrochloride (diastereomer A) in 30 ml of dichloromethane was treated with 110 mg 
(0.5 mmol) of di-tertbutyldicarbonate and 100 mg (1 mmol) of triethylamine and stirred for 72 hours. The 
solution was washed in succession with 30 ml of 1 M hydrochloric acid and 30 ml of saturated aqueous 
sodium bicarbonate and then dried over magnesium sulphate. After filtration, concentration of the filtrate 
under reduced pressure and purification of the residue by flash chromatography using diethyl 
ether/petroleum ether (b.p. 40-60 *C) (1:2) for the elution gave 100 mg of tertbutyl [1(R or S)-[2,3- 
dihydro-1H-pyrrolo[1,2-a]indol-2-(R or S)-ylh2-methylpropyl}-carbamate (diastereomer A) in the form of 
an oil. 

(vi) In a manner analogous to that described in the first paragraph of Example 1 , from 55 mg of tertbutyl 
[1(R or SH2,3-dihydro-1H-pyrrolo[1^-a]indol-2»(R or S)-yl>2«methylpropyl]carbamate (diastereomer A) 
there were obtained 40 mg of 3-[2(R or SHMR or SH©rt.butoxyformamido-2-methylpropy 
1H^yrTOlo{1,2-afndol-9-yl}-4-(1-methyl-3-i^^ as a red oil 

Example 18 

In a manner analogous to that described in the first paragraph of Example 1 , from 80 mg of 3-[2(R or 
SH1(R or S)-tertbutoxyformamido-2-methylpropyl}-2.3-dihydro-1 H-pyrrolo[1 ,2-a]indol-9-yl]-4-(1-methyl-3-in- 
dolyl)-1 H-pyrrole-2,5-dione (diastereomer B) there were obtained 40 mg of 3-[2(R or S)-amino-2-methyh 
propy l]2,3«dihydro-1 H-pyrrolo[1 ,2-aJtndol-9-y l]-4-(1 -methy l-3-indoly l)-1 H-pyrrole-2,5-dione hydrochloride 
(diastereomer B) as a red solid of melting point 220-225 * C. 

The 3H2(R or SH1(R or SHert.butoxyformamido-2-methylpro^ 
yl}-4-(1-methyl-3-indolylHH-pyrrole-2,5-dione used as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 17(v), from 90 mg (0.34 mmol) of 2(R or SHWR 
or S)-amino-2-methylpropylh2 f 3-dihydro-1H-pyrrolo[1,2-aJindole hydrochloride (diastereomer B), pre- 
pared as described in Example 17flv), there were obtained 100 mg of tertbutyl (1(R or SH2.3-dihydro- 
1H-pyrrolo[1.2-a]indol-2-(R or S)-yl}-2-methylpropyl}carbamate (diastereomer B) as an oil. 

(ii) In a manner analogous to that described in Example 1(iv), from 100 mg of tert.butyi [1(R or SH2.3- 
dihydro-1H-pyrrolo{1,2-a]indol-2-(R or S)-yl}-2-methylpropyl]carbamate there were obtained 80 mg of 3- 
[2(R or SH1(R or SHort.butoxyformamido-2-methylpropylh2,3-dihy 
methyl-3-indolyl)-1H-pyrrole-2.5-dione as a red oil. 

Example 19 

In a manner analogous to that described in the first paragraph of Example 1 , from 320 mg of 3-{8(RS)- 
[1 (RS)-tert.butoxyformamido-2-methylpropylh7 i 8 P 9,1 0-tetrahydro-6H-azepino[1 f 2-a]indoM 1 -yl}-4-(1 -methyl- 
3-indolyl)-1H-pyrrole-2,5-dione there were obtained 220 mg of 3-{8(RS)-[1(RS)-amino-2-methylpropylh 
7,8,9, 10-tetrahydro-6H-azepino[1 ,2-apndoM 1 -yl>4-(1 -methy*-3-indoly I)-1 H-pyrrole-2,5-dione hydrochloride 
as a red solid of melting point 248-256 # C. 

The 3-[8(RSH1 (RS)-tert.butoxyformamido-2-methy lpropyl]-7,8.9 f 1 0-tetrahydro-6H-azepino[l ,2-a]indol- 
11-ylH-(1-methyl-3-indolyl)-1H-pyrrole-2 v 5-dione used as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 11(H). from 1.0 g (4.4 mmol) of 7,8,9,10- 
tetrahydro-6H-azepino[1^-a]indole-8(RS)-carboxylic acid there was obtained 0.8 g of 7,8,9,1 0-tetrahydro- 
N^ethoxy-N-methyl-6H-azepin^^ as a white solid of melting point 134- 
135 -C. 

(ii) In a manner analogous to that described in Example 17(iii). from 0.8 g (2.9 mmol) of 7,8,9,10- 
tetrahydro-N-methoxy-N-methy l-6H-azepino[1 ,2-a]indole-8(RS)-cait>oxamide there was obtained 0.56 g of 
isopropyl 7,8,9.1 0-tetrahydro-€H-a2epino[1^-a]indol-8(RS)-yl ketone as a white solid of melting point 79- 
80*C. 

(iii) In a manner analogous to that described in Example 11 (iv) t from 0.56 g (22 mmol) of isopropyl 
7 v 8,9 t 10-tetrahydro-6H-azepino[1^-a]indol-8(RS)-yl ketone there were obtained 330 mg of tertbutyl [1- 
(RSH7,8 l 9 t 10^tetrahydro-6H-a2epino[1,2-a]indol-^RS)-ylh2-me^ as a mixture of dia- 
stereomers in the form of a white solid of melting point 152-1 53 *C. 

(iv) In a manner analogous to that described in Example 1(iv), from 300 mg tertbutyl [URS^.S^.IO- 
tetrahydro^H-azepino-{1,2-al-indo]-8<RS>-ylh2-methylpropyl}carbamate there were obtained 350 mg of 3- 
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[8(RSH1 (RSHert.butoxyformamido-2-methy lpropyl}-7,8,9,1 0-tetrahydro-6H-azepino[1 ,2-aJndoM 1 -ylJ-4- 
(1-methyl^ndolylHH-pyrTole-2.5-dione as a red oil. 

Example 20 

In a manner analogous to that described in the first paragraph of Example 1. from 800 mg of 3-[7(RS)- 
[1(RSHert.butoxyformamido-2-methylpropyl]-6.7,8,9-tetrahydropyrido[1 >2-a]indoM0*yl}-4-(1-methyl-3- 
indotylH H-pyrrole-2,5-dione there were obtained 480 mg of 3-[7(RSH1(RS)-amino-2-methylpropylH^ 
tetrahydropyrido[1,2-a]in<k>M0-yl)^1 -methyl hydrochloride as a red solid 

of melting point 238-244 *C. 

The 3-P(RS)-n (RS)-tert.butoxyf ormamido-2-methy Ipropy l]-6 v 7 a 8.9-tetrahydropyrido[1 ,2-a]indol-1 0-yl]-4- 
(1-methyl-3HndolylHH-pyrrole-2,5-dione used as the starting material was prepared as follows: 

(i) In a manner analogous to that described in Example 11 (ii), from 2.0 g (9.3 mmol) of 6.7.8,9- 
tetrahydropyrido[1 v 2-a]indote-7(RS)-carboxylic acid there were obtained 1.6 g of 6.7.8.9-tetrahydro-N- 
methoxy-ff^nethyl-pyrido[1,2-a]indole-7(RS)-carboxamide as a pale yellow oil. 

(ii) In a manner analogous to that described in Example 17(iii). from 1.6 g of 6,7.8.9-tetrahydro-N- 
rnethoxy-N^ethyl-pyrido[1»2-a}-indole*7(RS>-carboxamide there were obtained 1.05 g of isopropyl 
6 ( 7.8,9-tetrahydropyrido{1 ( 2-apndoK7(RS)-yl ketone as a tan solid of melting point 43-44 • C. 

(Hi) In a manner analogous to that described in Example 11 (iv), from 1.0 g of isopropyl 6,7,8,9- 
tetrahydropyrido[1,2-apndol-7(RS)-yl ketone there were obtained 800 mg of tert.butyi [1(RS)-[6.7.8.9- 
tetrahydropyrido[1^-apndol-7(RS>-yl]-2-methylpropyl^arbamate as a white solid of melting point 55- 
57 "C (as a mixture of diastereomers). 

(iv) In a manner analogous to that described in Example 1(iv), from 700 mg of tert.butyi [1 (RSH6.7,8,9- 
tetrahydropy rido[1 r 2-a]indol-7(RS)-ylh2-methytpropyl}carbamate there were obtained 800 mg of 3-{7(RS)- 
[1(RSHert.butoxyformamido-2-methylpro^ 
indolylH H-pyrrole-2,5-dione as a red gum. 

Example 21 

In a manner analogous to that described in the first paragraph of Example 1. from 1.3 g of 3-[8(SHt(S)- 
tert.butoxyformamido-2-methylpropyl}-6,7,8,9-tetrahydropyrido[1 ,2-a]indol-1 0-y l]-4-(1 -phenyl-3-indolyl)-1 H- 
pyrrole-2,5-dione there were obtained 1.12 g of 3[8(S)-[1(S)-amino-2-methylpropyl}-6,7,8 > 9-tetrahydropyrido- 
[1,2-a]inctol-10^ylH-(1-phenyl-3-indolyl)-1H-pyrrole-2.5-dione hydrochloride as a red solid of melting point 
235-245 ^C. 

The 3-[8(S)-p (SHert.butoxyformamido-2-methylpropyl}-6,7,8,9-tetrahydropyrido[1 ,2-a]indol- 1 0-y l)-4-(l - 
phenyh3-indolyl)-1H-pyrrole-2,5-dione used as the starting material was prepared as follows: 

(i) An ice-cooled solution of 10 g (51.8 mmol) of 1-phenylindole in 100 ml of anhydrous diethyl ether was 
treated dropwise during 5 minutes with a solution of 6 ml (68.8 mmol) of oxalyl chloride in 20 ml of 
anhydrous diethyl ether. The mixture was stirred for 3 hours while cooling with ice and then treated with 
25 ml of ethanol in one portion. After stirring for 10 minutes the solvent was removed under reduced 
pressure and the residual solid was crystallized from 60 ml of ethanol to give 12.38 g of ethyl 1- 
phenylindole-3-glyoxytate as a pale yellow solid of melting point 109-1 10 • C. 

(ii) A mixture of 10 g (34.1 mmol) of ethyl 1-phenylindole-3-glyoxylate and about 25 g of Raney nickel in 
350 ml of ethanol and 150 ml of water was heated at reflux for 6 hours. The suspension was filtered 
through glass fibre filter paper and the solid was washed with four 50 ml portions of ethyl acetate while 
taking care not to allow the solid to dry. The filtrate was concentrated under reduced pressure and the 
residue was purified by flash chromatography on silica gel using ethyl acetate/hexane (1:2) for the 
elution. There were obtained 6.38 g of ethyl 1-phenylindole-3-acetate as a yellow oil. 

(iii) A solution of 6.3 g (22.6 mmol) of ethyl 1-phenyltndole-3-acetate in 20 ml of ethanol was treated with 
20 ml (40 mmol) of 2M sodium hydroxide solution and left at room temperature for 17 hours. Ethanol 
was removed under reduced pressure and the aqueous solution was washed with two 20 ml portions of 
diethyl ether. The aqueous phase was acidified with concentrated hydrochloric acid and the suspension 
obtained was stored at 0 * C for 2 hours. The suspension was filtered and the solid was crystallized from 
methanol/water (2:1) to give 5.6 g 1-phenylindole-3-acetic acid as a blue-grey solid of melting point 131- 
135 *C. 

(iv) An ice-cooled solution of 3 g (8.77 mmol) of tert.butyi [1 (SH6.7 t 8 f 9-tetrahydropyrido[1 ,2-a]indol-8(S)- 
yl]-2-methylpropyl}-carbamate, prepared as described in Example 11 (iv). in 50 ml of anhydrous diethyl 
ether was treated dropwise under a nitrogen atmosphere over a period of 5 minutes with a solution of 
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0.85 ml (9.74 mmol) of oxalyl chloride in 5 ml of anhydrous diethyl ether. After a further 5 minutes the 
solvent was removed under reduced pressure and the residue was dissolved in 50 ml of dry dich- 
loromethane. The solution was added dropwise at 0*C to a stirred mixture of 2.2 g (8.77 mmol) of 1- 
phenylindoie-3-acetic acid and 3.65 ml (26.3 mmol) of triethylamine in 50 ml of dry dichloromethane. The 

5 mixture was stirred for 17 hours then the solvent was removed under reduced pressure. Purification by 
flash chromatography on silica gel using ethyl acetate/hexane (1:2) for the elution followed by crystalliza- 
tion from ethyl acetate/hexane gave 1.6 g of 3[8(SH1(S)-tert.butoxyformamido-2-methylpropyl]-6 l 7.8 f 9- 
tetrahydropyrido[1^-aJindoM0-yl}-4-(1-p^ as an orange coloured solid of 

melting point 148-1 50 *C. 

io (v) A solution of 1.6 g (2.54 mmol) of S^SH^SMo^butoxyfomiamido^-^ 

tetrahydropyrido[1,2-aJirKJol-10-yl}-4-(1^ In 20 ml of dry N.N-dimethytfor- 

m amide was treated with 5.35 ml (25.4 mmol) of hexamethyldisilazane and 0.41 g (12.8 mmol) of 
methanol. The solution was heated at 50 • C for 3 hours and then treated with a further 5.35 ml (24.8 
mmol) of hexamethyldisilazane and 0.41 g (12.8 mmol) of methanol. After a total of 6 hours the solvent 

16 was evaporated under reduced pressure and the residue was reevaporated with 20 ml of methanol. Flash 
chromatography of the residue on silica gel using ethyl acetate/hexane (1:2) for the elution gave 1.35 g 
of 3[8(SH1 (SHertbutoxyformamido-2-methytpropylh6,7,8.9-tetrahydropyrido[1 ,2-a]indol-1 0-yi]-4-(1 -phe- 
nyl-3-indolyl)-1H-pyrrole-2,5-dione as a red solid of melting point 165-1 68 # C. 

The following Examples illustrate typical pharmaceutical preparations containing compounds provided 
20 by the present invention: 



Example A 

Tablets containing the following ingredients may be produced in a conventional manner: 

26 



Ingredient 


Per tablet 


Compound of formula I 


5.0 mg 


Lactose 


125.0 mg 


Maize starch 


75.0 mg 


Talc 


4.0 mg 


Magnesium stearate 


1.0 mg 


Tablet weight 


210.0 mg 



$6 

Example B 

Capsules containing the following ingredients may be produced in a conventional manner: 





Ingredient 


Per capsule 




Compound of formula I 


10.0 mg 




Lactose 


165.0 mg 




Maize starch 


20.0 mg 
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Talc 


5.0 mg 




Capsule fill weight 


200.0 mg 



so Claims 

1. Compounds of the general formula I 
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wherein R 1 represents lower alkyl, lower cycloalkyl, aryl or lower aralkyl, R 2 represents hydrogen, 
20 aryl or lower alkyl optionally substituted by hydroxy, acyloxy, amino, mono(lower alkyl)amino, di(iower 
alkyl)amino, carboxy, lower alkoxycarbonyl or aminocarbonyl and m and n stand for 1 or 2, 
as well as pharmaceutical^ acceptable salts of acidic compounds of formula I with bases and of basic 
compounds of formula I with acids. 

25 2. Compounds according to claim 1 , wherein R 1 represents lower alkyl, particularly lower alkyl containing 
1-3 carbon atoms. 

3. Compounds according to any one of claims 1-2, wherein R 2 represents lower alkyl. 

30 4. Compounds according to any one of claims 1*3, wherein m stands for 1 and n stands for 2. 

6- 3-[8(SH1 (R or S)-Aminopropyl]-6.7,8,9-tetrahydropyrido-I1 ,2-a]indol-1 0-yl]-4-(1 -methy l-3-indolyl)-1 H- 
pyrrole-2,5-dione. 

36 6. 3-[8(SH1 (S)-Amino-2-methylpropyl]-6.7.fl.9-tetrahydropyrido[1 ,2-a]indoM 0-y IJ-4-0 -methyl-3-indolyl)- 
1 H-pyrrole-2,5-dione. 

7. A compound according to claim 1 selected from the following: 

3-{B(R or S)-1(R or ShAminoethyl^.T.B^-tetrahydropyridofl^-alindol-IO-ylJ-A-tl- methyl-3-indolyl)- 
40 1 H-pyrrole-2,5-dione, 

3-[8(R or S)-1 (R or S)-aminopropy l}-6,7,8.9-tetrahydropyrido[1 ,2-a]indol-1 0-yl}-4-<1 -methyl-3-in- 
doryl)-1 H-pyrrole-2,5-dione. 

3-[8<R or S)-1(R or S)-aminobutylh€.7 f 8,9-tetrahydropyrido[1^-a]indol-1 f>y l}-4-(1 -methy l-3-indolyl>- 
1 H-pyrrole-2,5-dione and 

45 3-[8(R or Sy-1(R or S)-amino-2-methylpropyl]-6,7,8,9-tetrahydropyrido[1 l 2-a]indolOO-ylH-(1-methyl- 

3-indolyl)-1 H-pyrrole-2,5-dione. 

8. A compound according to claim 1 , selected from the following: 

3-{8(S)-1 (R)-amino-2-methy Ipropy IJ-6,7,8,9-tetrahy dropyrido[1 ,2-a]indol-1 0-ylH-(1 -methy l-3-indolyl)- 
60 1H-pyrro!e-2,5-dione, 

3-{8(R or S)-[aJpha (R or S)-aminobenzyl}-€,7 v 8 l 8-tetrahydropyrido[1,2-a]indol-ir>ylH-(1-methyl-3- 
indolyl)-1 H-pyrro!e*2,5-dione, 

3-[8(SH(R or ShCaminoJtcyclopentyiJmethyl-ajAWetrahydropyridoIl ,2-aJindoM0-ylH~(1 -methyl- 
3-indo!yl)-1 H-pyrroIe-2,5-dione, 
55 3-[2(R or S>-[1(R or S)-amino-2-methylpropyl>2,3-dihydro-1H-pyrroIo[1,2-apndoh9-yl}-^(1-methyl- 

3-indolyl)-1 H-pyrrole-2,5-dione, 

3-[8<RSM1 (RS)-amino-2-methylpropy IJ-7.8.9.1 0-tetrahydro-6H-azepino[1 ,2-a]indoM 1 -yl]-4-(l - 
methyl-3-indolyl)-1 H-pyrrole-2,5-dione, 
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3~[7(RS)-n (RS>-amino-2-methylpropylJ-6.7^.9-tetrahydropyridoI1 ,2-a]indol-9-yl]-4-(1 -methyl-3- 
indolyl>1 H~pyrrole-2.5-dione and 

3-[8<S)-[1 (S>-amino-2-fnethy tpropy l}-6, 7.8. 9-tetrahyd ropy rido-[1 .2-a]indol-1 0-ylH~0 -ph8nyl-3- 
indolyl)-1 H-pyrrote-2.5-dione. 

9. Compounds of the general formula 



H 




wherein R\ R 2 , m and n have the significance given in claim 1 and R 3 represents a urethane 
protecting group. 

10. Compounds according to any one of claims 1 to 8 for use as therapeutically active substances, 
particularly for use as anti-inflammatory, immunological, oncological, broncho-pulmonary, dermatotog- 
ical and cardiovascular active substances, as active substances in the treatment of asthma. AIDS or 
diabetic complications or as active substances for the stimulation of hair growth. 

11. A process for the manufacture of the compounds according to any one of claims 1 to 8, which process 
comprises cleaving off the protecting group denoted by R 3 from a compound of the general formula 




wherein R 1, R 2 , m and n have the significance given in claim 1 and R 3 represents a urethane 
protecting group. 

and. if desired, functionally modifying a reactive substituent present in R 2 in a compound of formula I 
obtained and, also if desired, converting an acidic compound of formula I into a pharmaceutical^ 
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acceptable salt with a base or converting a basic compound of formula I into a pharmaceutical^ 
acceptable salt with an acid. 

12. A medicament, particularly an antiinflammatory, immunological, oncological, bronchopulmonary, der- 
matotogical or cardiovascular medicament or a medicament for the treatment of asthma, AIDS or 
diabetic complications or for the stimulation of hair growth, containing a compound according to any 
one of claims 1 to 8 and a therapeutically inert carrier material. 

1a The use of a compound according to any one of claims 1 to 8 for the manufacture of a medicament 
against inflammatory, immunological, oncological, bronchopulmonary, dermatologicai or cardiovascular 
disorders or against asthma, AIDS or diabetic complications or for the stimulation of hair growth. 
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